INTRODUCTION
Ferrofluid, a kind of stable colloid mainly, consisting of magnetic nano particles, surfactant and liquid carrier, has both the magnetism of solid magnetic material and fluidity of liquid. One of the most important properties of the magnetic fluid is that it can be retained at a desired location by an external magnetic field. Owing to the properties of magnetic fluid, it is found to be useful in engineering, science and biomedical applications. Ferrofluid is also used in sealing of hard disc drives, rotating-ray tubes under engineering application. The flow behaviour of magnetic fluids has been analytically studied, basically, by using two models, one given by Neuringer-Rosensweig and the other one proposed by Shliomis. Later on, Jenkins modified the model of Neuringer-Rosensweig. A number of authors [1] [2] [3] [4] [5] [6] [7] [8] have discussed the applications and theory of ferrofluids. [9] [10] [11] [12] analyzed the steady-state performance of bearings with Jenkins model based magnetic fluid flow. It was manifest that the load carrying capacity of bearing system increased with increasing magnetization of the magnetic fluid.
The squeeze film performance between different geometrical configurations is discussed in a number of investigations [13] [14] [15] [16] [17] . [17] [18] [19] [20] [21] [22] dealt with the effect of curvature parameters on the performance of squeeze film in rough plates.
Reduction of friction is quite essential for the effective performance of a bearing system. It is investigated that slip velocity supports to reduce the friction. Beavers and Joseph [23] studied the interface between a porous medium and fluid layer in an experimental study and proposed a slip boundary condition at the interface. Flow with slip becomes useful for problems in chemical engineering for example, flows through pipes in which chemical reactions occur at the walls. [24] analyzed the performance of hydro-magnetic squeeze film between porous circular disks with velocity slip. Many investigations have discussed theoretically and experimentally the effects of slip on various types of bearings [25] [26] [27] [28] [29] [30] [31] and [12] . In all the above studies, it was found that the slip effect significantly affected the bearing system. [32] analyzed the effects of velocity slip and viscosity variation in squeeze film lubrication of two circular plates. Recently, [33] investigated the performance of slip Velocity and roughness on magnetic fluid based infinitely long bearings.
In all the above studies bearing surfaces were considered to be smooth. But it is unrealistic because, the bearing surfaces develop roughness after having some run-in and wear. Several methods have been mooted to deal with the effect of surface roughness on the performance characteristics of squeeze films. [34] [35] [36] modified the stochastic model of [37] to study the effect of surface roughness in general. A number of investigations adopted the stochastic model of [34] [35] [36] to study the effect of surface roughness [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . [50] studied the effects of various porous structures on the performance of a Shliomis model based ferrofluid lubrication of a squeeze film in rotating rough porous curved circular plates. It was noticed that the adverse effect of transverse roughness could be overcome by the positive effect of ferrofluid lubrication in the case of negatively skewed roughness by suitably choosing curvature parameters and rotational inertia when Kozeny-Carman's model was deployed for porous structure. [51] theoretically analyzed the effect of Shliomis model based ferrofluid lubrication on the squeeze film between curved rough annular plates with comparison between two different porous structures. It was shown that the effect of morphology parameter and volume concentration parameter increased the load carrying capacity.
The objective of this study is to theoretically compare the performance for various geometrical shapes of surface on the behaviour of a squeeze film in rough curved circular plates considering slip velocity and Jenkins model based ferrofluid lubrication.
ANALYSIS
The bearing configuration consists of two circular plates separated by a lubrication film, each of radius a . The bearing geometry is displayed in Figure 1 . The bearing surfaces are considered transversely rough. According to the stochastic theory of [34] [35] [36] , the thickness h of the lubricant film is taken as
where h is the mean film thickness and s h is the deviation from the mean film thickness characterizing the random roughness of the bearing surfaces. 
wherein c represents the maximum deviation from the mean film thickness. The mean  , the standard deviation  and the parameter  which is the measure of symmetry of the random variable s h are defined and discussed in [34] [35] [36] .
To study the quantitative effect of surface roughness of the bearing on its performance characteristics three different lubricant film shapes for the curved circular plates bearing are considered. In the light of [17] and [52] [53] 
In 1972, a simple model to express the flow of a magnetic fluid was proposed by Jenkins. In this paper the magnetisable liquid was regarded as an anisotropic fluid and added to the motion and the temperature, the vector magnetization density to complete the description of the material. The use of local magnetization as an independent variable allowed Jenkins to treat static and dynamic situation in a uniform fashion and to make a natural distinction between paramagnetic and ferromagnetic fluids. A uniqueness theorem was recognized for incompressible paramagnetic fluids and determined that in these materials the magnetization vanished with the applied magnetic field. So the Jenkins model is not only a generalization of the NeuringerRosensweig model but also modifies both the pressure and the velocity of the magnetic fluid.
With Maugin's modification, equations of the model for steady flow are ( [55] and [10] 
together with 
which modifies the velocity of the fluid. At this point one observes that Neuringer-Rosensweig model modifies the pressure while Jenkins model modifies both the pressure and velocity of the ferrofluid.
, be the velocity of the fluid at any point
, between two solid surfaces, with OZ as axis. Making the assumptions of hydrodynamic lubrication and remembering that the flow is steady and axially symmetric, the equations of motion are
Solving the above equation (4) 
Substituting the value of u in equation (5) 
For the stochastic averaging theory of this differential equation, a method has been proposed in [34] [35] [36] . Here an attempt has been made to modify this method, which on certain simplifications yields, under the usual assumptions of hydro-magnetic lubrication [17, 56- 
where
Following dimensionless quantities are considered;
Using the equation (8), equation (7) transforms to
Solving equation (9) under the boundary conditions 
The dimensionless load carrying capacity of the bearing system then, is determined by 
RESULTS AND DISCUSSION
It can be easily seen that the non-dimensional load carrying capacity gets increased by * 
40
 as compared to the case of conventional lubricant based bearing system, for all three geometrical cases. The expression involved in equation (12) is linear with respect to the magnetization parameter and hence an increase in magnetization parameter will lead to increased load carrying capacity. This is not surprising as the magnetization increases the viscosity of the lubricant and consequently, resulting in increased load carrying capacity. It is also found that Jenkins model modifies the performance in the case of NeuringerRosensweig model based magnetic flow. Besides, the combined effect of surface roughness and slip velocity is relatively adverse. In fact, this investigation makes it clear that for an improved performance of the bearing system the slip parameter is required to be kept at minimum.
Comparison of various shapes, so far as load carrying capacity is concerned, is presented graphically. It can be easily noticed that the situation is fairly good in the case of exponential bearing.
The effect of magnetization on the load carrying capacity presented in Figures 2-6 shows that the load carrying capacity is registered to be more in the case of exponential bearing system.
The fact that material parameter induces an adverse effect is depicted in Figures 7-9 . Here, the load carrying capacity is found to be more decreased in all the cases.
The effect of upper plate's curvature parameter on the load carrying capacity is comparatively more in exponential and hyperbolic shapes but this effect is just marginal in the case of secant shape bearing ( Figures  10-12) .
The fact that the effect of lower plate's curvature parameter on load carrying capacity is almost opposite to that of upper plate's curvature parameter, is found in Figures 13-16 . Thus, a judicious choice of both the curvature parameters is required for providing a better performance. 
FME Transactions
The standard deviation associated with roughness decreases the load carrying capacity in all the cases. However, this effect is negligible for secant shape bearing system (Figures 17-19) .
The positively skewed roughness decreases the load carrying capacity while the load carrying capacity gets enhanced by the negatively skewed roughness, as can be seen form Figures 20-21 . Lastly, the trends of load carrying capacity with respect to variance are akin to that of skewness (Figure 22) . Therefore, the combined effect of variance (-ve) and negatively skewed roughness becomes crucial for improving the performance of the bearing system. It is revealed that the effect of slip is more in the case of lower plate's curvature parameter for all the shapes.
A close scrutiny of some of the graphs tends to suggest that the combined effect of standard deviation, slip parameter and the material constant parameter is at the most nominal for the case of secant shape bearing system.
It is noticed that the trends of load with respect to curvature parameters for exponential and parabolic shapes are almost opposite to that of secant shape bearing system.
CONCLUSION
It is clearly visible that Jenkins model modifies the performance in the case of Neuringer-Rosensweig model for all the shapes. The roughness is required to be accounted for while designing the bearing system even if Jenkins model is adopted as the material constant and slip parameter cause reduced load carrying capacity. However, for an improved performance the slip parameter deserves to be kept at minimum. Considering all the aspects it is revealed that the exponential bearing scores over the other two bearing systems. It is also appealing to note that this type of bearing system supports certain amount of load even in the absence of flow unlike the case of conventional lubricant based bearing system.
